Abstract: Six fractional polysaccharides were prepared by water extraction and alcohol precipitation under controlled temperature from bletillae rhizoma, a traditional Chinese medicine. Based on this, yields of bletillae rhizome polysaccharides (RBPs) were obtained. The extracting temperature impacted the characteristics of the fractional polysaccharides. The fractional polysaccharides were characterized by glucomannan (GM) content, thermal stability, scanning electron microscopy (SEM), Fourier-transform infrared (FTIR) spectroscopy, gel permeation chromatography (GPC), and X-ray diffraction (XRD). For the analysis, 2.0% w/v dispersions of the six fractional polysaccharides were prepared and their flow behaviors were evaluated using a rotational rheometer. The results showed that increased extraction temperature led to increased GM extraction yields and extraction rate, but GM content was relative stable (over 90%). The average molecular weight (Mw) of fractional polysaccharides obtained at 30, 40, 50, 60, 70, and 80 • C was 3.598 × 10 4 , 4.188 × 10 4 , 8.632 × 10 4 , 8.850 × 10 4 , 2.372 × 10 5 , and 3.081 × 10 5 g/mol, respectively. SEM revealed that fractional polysaccharides had a porous structure of different sizes and densities. Thermal analysis, FTIR, and XRD results indicated that extraction temperature affects the structure and moisture content of fractional polysaccharides. All results showed that the extraction temperature has an obvious impact on the morphology, molecular weight, and polydispersity of the RBPs. This simple process is a promising method for the preparation of fractional polysaccharides.
Extraction of Fractional RBP from RBF
Ten grams of RBF was stirred in 400 mL of pure water for 1 h at 6 different temperatures (30, 40, 50, 60, 70 , and 80 • C) and centrifuged at 3000 rpm for 10 min (RR22GIII High-Speed Refrigerated Centrifuge, Hitachi) to remove insoluble materials. The insoluble residues were treated again twice, as mentioned above. The supernatants were collected and concentrated to 20 mL by a rotary evaporator (RE-52AA, Yarong Biochemical Instrument Factory, Shanhai, China) at 80 • C under a vacuum. The concentrated solutions were precipitated with dehydrated ethanol to a final concentration of 70% (v/v) and incubated for 12 h at 4 • C. The polysaccharide precipitate was collected by centrifuging at 3000 rpm for 10 min (RR22GIII High-Speed Refrigerated Centrifuge, Hitachi, Japan) and lyophilized to obtain the polysaccharides. The dried polysaccharide samples were milled and stored in a glass vacuum desiccator at room temperature and coded according to the extracted temperature as RBP30, RBP40, RBP50, RBP60, RBP70, RBP80, and RBF (native). The RBP yield (%) from the extraction was calculated by the following equation:
RBP yield (%) = weight of dried polysaccharide (g) weight of sample (g) × 100
(1)
Glucomannan Content Analysis
Determining GM content by 3,5-DNS has been reported to be the most reliable and accurate method for the colorimetric analysis of konjac glucomannan [15] . The concentration of GM in the solution was assayed by UV-visible spectroscopy (U-3900H, Hitachi, Japan) at 550 nm using a standard glucose curve of known concentrations in the range of 9.68-77.44 µg/mL (R 2 = 0.9993). All tests were done in triplicate, and the percentage of GM was calculated by Equation (2) :
where T is the glucose content of sample hydrolysate (mg), T 0 is the glucose content of sample extraction (mg), 625 and 5 are the diluting factors, and M is the mass of the sample (about 100 mg).
Rheological Properties
To measure the rheological properties, 2.0% (w/v) water dispersions of extracted RBPs were prepared by carefully dispersing the dispersions in pure water at 500 rpm and 80 • C for 2 h. The rheological properties were measured by a rheometer (HAAKE MARS II, Thermo Scientific, Germany). The measurement module had cone-plate geometry (cone diameter 60 mm, angle 1 • ). The gap between the plate and the cone was 0.052 mm and set automatically. All measurements were carried out at 25.0 ± 0.05 • C. Each measurement was repeated three times. Samples were sheared continuously at a rate ranging from 0.01 to 200 s −1 in 120 seconds. The shear stress (τ) versus shear rate ( . γ) data were fitted by using the Ostwald-de Waele model (Equation (3)) [16] or the non-Newtonian law of viscosity (Equation (4)):
where k is the consistency coefficient (mPa s n ) and n is the flow behavior index (dimensionless).
Gel Permeation Chromatography (GPC) Analysis
A given amount of RBPs (50 mg) was added to 10 mL of eluent (a mixture of 0.01% NaNO 3 and 0.02% NaN 3 ) by vigorous agitation, then the RBP solution was filtered by a 0.45 µm filter (micro PES) in turn. The samples were then determined by gel permeation chromatography with multiangle laser light scatter (λ = 609.0 nm, T = 35 • C; DAWN-EOS multiangle laser photometer, Wyatt Technology Co., Goleta, CA, USA) equipped with a pump (Agilent G1310 A) under the following conditions: flow rate: 0.5 mL min −1 ; chromatographic column: aqueous SEC Start-up Kit, 300 mm × 7.5 mm (Agilent). The refractive index increment (dn/dc) of RBPs was 0.1402.
Scanning Electron Microscopy Analysis
The morphological features of RBPs were determined using a TM-3000 scanning electron microscope at an accelerating voltage of 15 kv during micrography (Ultra55, Zeiss, Germany). The test RBPs were dispersed on a specimen holder with the aid of double-sided carbon tape and then sputtered with gold for 180 s using a sputter coater (SBC7620, Emitech, Great Britain).
Thermogravimetric (TG) Analysis
TG experiments of RBPs were conducted on a Q500 TGA thermogravimeteric analyzer (TA, USA). The samples weighed 5 to 10 mg and were placed in the platinum pan sample holder. RBPs were heated and weight loss was recorded from room temperature to 550 • C at a heating rate of 10 • C /min under a nitrogen atmosphere.
Differential Scanning Calorimetry (DSC) Analysis
DSC of RBPs was performed using a DSC Q200 (TA, USA) apparatus. RBPs samples (3-6 mg) were weighed on an aluminum pan, then the pan was sealed. The heat capacity was scanned from 40-200 • C at a constant rate of 10 • C/min and an air speed of 10 • C/min in a nitrogen atmosphere.
Fourier-Transform Infrared (FTIR) Spectroscopy Analysis
FTIR spectroscopy of RBPs was conducted using the potassium bromide disc method on a Nicolet 6700 FTIR spectrometer in the range of 4000-400 cm −1 , with a resolution of 4 cm −1 .
X-ray Diffraction (XRD) Analysis
XRD of RBPs was conducted by using an X-ray diffractometer (PANalytical, Holland). The operating conditions were as follows: nickel-filtered Cu Kα radiation, 40 kV, 40 mA, scan speed Appl. Sci. 2019, 9, 116 4 of 12 5 • min −1 . The angle of diffraction was changed from 5 • to 90 • to identify any changes in the crystal structure.
Elemental Analysis
The obtained RBPs were analyzed for their carbon, hydrogen, nitrogen, and sulfur content using the elemental EL cube. The remaining parts of the samples were assumed to be oxygen. The protein content of RBPs was estimated from the nitrogen content of the biopolymers by multiplying the obtained experimental values by 6.25.
Results and Discussion

GM Content, Yield, and Extraction Rate Analysis of Fractional RBPs
For use, the prepared crude bletillae rhizoma flour (RBF) should be purified. It was purified by water extraction and alcohol precipitation under controlled temperature to give the pure polysaccharide fraction RBP. We then studied the GM content, yield, and extraction rates of RBP30, RBP40, RBP50, RBP60, RBP70, and RBP80, and the results are presented in Table 1 . The results show that the GM content of all RBPs increased significantly compared with RBF (p < 0.05). However, GM content decreased as the temperature reached 50 • C, but then increased again as the temperature rose. The maximum value (94.67%) was obtained at the extraction temperature of 70 • C. Although there was no remarkable difference in GM content among all RBPs, the yield ranged between 47.47% and 54.35%, and the extraction rate ranged from 74.60% to 85.37% when the temperature was increased from 30 to 80 • C. It is apparent that higher extraction temperatures increase the dissolution of the RBF ingredients, resulting in higher yield. These findings are consistent with the previously observed extraction of corn silk polysaccharides [13] .
Rheological Properties of Fractional RBPs
The flow curves of 2.0% (w/v) aqueous solutions of the six fractional RBPs are shown in Figure 1 . At the same shear rate, the shear stress of fractional RBP solution increased with increasing extraction temperature. Newtonian behavior of fractional RBP solutions (RBP30, RBP40, RBP50, and RBP60) extracted under low temperature (30-60 • C) was observed. Non-Newtonian or shear-thinning behavior occurred at high extraction temperatures (70-80 • C), which has been described as typical behavior of many polysaccharides in water dispersion [17] . The RBP70 and RBP80 power regression results fitted by the Ostwald-de Waele model (Equation (3)) (R 2 ≥ 0.999) are presented as k values of 114 and 264.363 and n values of 0.944 and 0.853. The n value (flow behavior index) for 2.0% RBP70 and RBP80 solutions was lower than 1, which also suggests that the two fractional RBPs are pseudoplastic. The pseudoplastic nature of RBP70 and RBP80 reveals the intermolecular interactions between polymer chains. At low shear rate, molecular chains of RBP70 and RBP80 aqueous solution had random helical conformation with relatively high apparent viscosity, but the induced continuous increase in force may lead to molecular deformation, rod breakage, and consequently a decrease in apparent viscosity [18] . 47.47% and 54.35%, and the extraction rate ranged from 74.60% to 85.37% when the temperature was increased from 30 to 80 °C. It is apparent that higher extraction temperatures increase the dissolution of the RBF ingredients, resulting in higher yield. These findings are consistent with the previously observed extraction of corn silk polysaccharides [13] . The flow curves of 2.0% (w/v) aqueous solutions of the six fractional RBPs are shown in Figure  1 . At the same shear rate, the shear stress of fractional RBP solution increased with increasing extraction temperature. Newtonian behavior of fractional RBP solutions (RBP30, RBP40, RBP50, and RBP60) extracted under low temperature (30-60 °C) was observed. Non-Newtonian or Apparent viscosity levels were affected by molecular weight [19] . Changes in apparent viscosity can be used to monitor the interaction between polysaccharide or conformational changes of components in aqueous solutions [20] . Temperature has a greater influence on the apparent viscosity of fractional RBPs. Figure 2 shows a relationship between the apparent viscosity of 2.0% aqueous solution of the six fractional RBPs at a shear rate of 10 s −1 and the extraction temperature. It was clear that the apparent viscosity followed an increasing trend as temperature increased. RBP70 and RBP80 had far higher apparent viscosity than RBP30, RBP40, RBP50, and RBP60. As shown in Table 1 , although the GM content of both RBP30 and RBP80 was 94%, the apparent viscosity of 2.0% (w/v) aqueous solution of RBP30 and RBP80 differed. RBP80 had the highest viscosity increment, about eight times that of RBP30. This phenomenon can be explained by the fact that high extraction temperature facilitates the diffusion of high-molecular-weight RBP out of the cells, which results in increased entanglement density of high-molecular-weight polysaccharides. The results agree well with the GPC results.
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The result indicates that temperature control is a key factor in RBF fractional polysaccharide extraction. The dose-response equation offers an option for simulating the temperature-apparent viscosity of the fractional RBP process.
GPC Analysis
The molecular weight of polymer is important information to understand its application [21] . Molecular weights of RBPs were detected by GPC-Multi-Angle Laser Light Scattering (MALLS) ( Figure 3A ) and GPC-differential refractive index (DRI) (Figure 3B) ). The experimental results are shown in Table 2 . The extraction temperature had a great influence on the molecular weight of RBPs. Both Mw and Mn increased with increased extraction temperature. According to Figure 3A ,B, increasing the extraction temperature resulted in decreased RBP retention time (R T ). Compared to RBP treated under lower extraction temperature (RBP30, Mw = 3.598 × 10 4 g/mol), the molecular weight of RBP treated under higher extraction temperature (RBP80, Mw = 3.081 × 10 5 g/mol) was larger by about 8.56-fold. It was inferred that the obvious increase in particle size under higher extraction temperature could decrease the porosity and capillary attraction of RBP and consequently enhance its physical entrapment.
It is very important to develop a good model description of the effects of extraction temperature on the apparent viscosity of fractional RBP solutions to accurately predict the performance of the temperature (T)-apparent viscosity (AV) process. The apparent viscosity of fractional RBP solutions was used at a shear rate of 10 s -1 . The obtained results are plotted in Figure  2 . The apparent viscosity of fractional RBPs extracted over 70 °C was greatly improved. As visualized in Figure 2 , T-AV curves were perfectly fitted with the dose-response equation (R 2 = 0.9936) (Equation (5) 
The molecular weight of polymer is important information to understand its application [21] . Molecular weights of RBPs were detected by GPC-Multi-Angle Laser Light Scattering (MALLS) ( Figure 3A ) and GPC-differential refractive index (DRI) (Figure 3B) ). The experimental results are shown in Table 2 . The extraction temperature had a great influence on the molecular weight of RBPs. Both Mw and Mn increased with increased extraction temperature. According to Figure 3A ,B, increasing the extraction temperature resulted in decreased RBP retention time (RT). Compared to RBP treated under lower extraction temperature (RBP30, Mw = 3.598 × 10 4 g/mol), the molecular weight of RBP treated under higher extraction temperature (RBP80, Mw = 3.081 × 10 5 g/mol) was larger by about 8.56-fold. It was inferred that the obvious increase in particle size under higher extraction temperature could decrease the porosity and capillary attraction of RBP and consequently enhance its physical entrapment. Molecular weight distribution (D, Mw/Mn) was used to characterize polydispersion. The greater the value of D, the more dispersed the molecular weight [5] . According to Table 2, the Molecular weight distribution (D, Mw/Mn) was used to characterize polydispersion. The greater the value of D, the more dispersed the molecular weight [5] . According to Table 2, the extraction temperature had a great influence on the molecular weight distribution of RBFs. Molecular weight (Mn) and D showed corresponding changes with Mw, which showed that RBP from RBF under high extraction temperature had broad polydispersity. Polysaccharides are polydispersed polymers in natural polymers. The properties and activities of polysaccharides are related to their molecular weight distribution.
Morphology of RBPs
To study the surface morphology of polysaccharide, SEM has been a tool of choice reported in many studies [22] . Figure 4 shows SEM pictures of RBP30-RBP80. The porous structure of all RBPs can be seen. RBP30, extracted at 30 • C, has a pore size (about 500 nm) that is three times that of RBP80, which was extracted at 80 • C. Their pore diameters decreased with increasing extraction temperature. The result indicates that extraction temperature has a certain relationship with porous structure. The electron micrograph in Figure 5 shows that RBPs extracted at lower temperatures can easily generate porous structure, which enhances the capillary action and inner-surface area that are beneficial to water absorption [23] . RBP80, which was extracted at higher temperature, presented a layered integrity structure, possibly due to the interaction between polysaccharide molecules. The surface of the layers had small pores of about 150 nm diameter. Biopolymers with complete structures and smooth surfaces can be used as membranes and drug delivery system candidates [24] , so RBP80 is a good candidate for the preparation of membranes and biopolymer-based drug delivery systems. The results further confirmed that high extraction temperature results in high-molecular-weight polysaccharide from RBF.
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Thermal Analysis
Thermogravimetric analysis (TGA) and DSC have been widely applied as the main methods of evaluating thermal stability of materials for many years. Thermal stability analysis for RBPs was performed by TGA and DSC, and the results are shown in Table 3 and Figure 5 . The first mass loss stage near 110 °C was due to the loss of adsorbed water on the RBP surface [5] . A weight loss of 73-88% after the onset of heat treatment at 280-300 °C was mainly due to the pyrolysis of RBPs, which was consistent with other polysaccharide studies [25, 11] . Figure 5A shows improvement in the thermal stability of RBPs with increased extraction temperature. According to RBP TGA curves, values related to RBP30, RBP40, RBP50, and RBP60 of around 350-550 °C are lower compared to RBP70 and RBP80. It is well known that the polar moieties in the network may act as heat barriers and consequently enhance the overall thermal stability of RBP70 and RBP80 [26] . Another factor is 
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The results are in good agreement with previous TGA results. A shoulder exothermic peak was observed by DSC with an onset temperature of ∼155 • C, which signifies the second loss of hydroxyl group of RBPs as water molecules. The reaction is as follows:
Endothermic and shoulder exothermic peaks revealed that RBP40 and RBP70 had higher heat flow because of different treatment methods. According to Table 3 , the upshift of the peak temperature of RBPs prepared under higher temperatures demonstrates that RBPs with higher molecular weights prepared under higher temperatures were enhanced in comparison with the samples treated under lower temperatures, because short-chain RBPs have strong hydrogen bonds within their junction zones that require more energy to decompose the crystalline structure [22] . their macromolecular structure. The thermal behavior and GPC of RBPs are provided in Table 3 and Figure 5 . The GPC curves show that the maximum peaks of RBP70 and RBP80 (both laser signals and DRI signals) occur earlier than those of RBP30, RBP40, RBP50, and RBP60. According to Table 3 , the molecular weight of RBP70 and RBP80 is higher than that of RBP30, RBP40, RBP50, and RBP60. The typical endotherms with peak temperatures of RBPs (98.42-111.88 °C) appeared in the DSC thermograms in Figure 5B , which was due to a loss of hydroxyl group of RBPs as water molecules.
The results are in good agreement with previous TGA results. A shoulder exothermic peak was observed by DSC with an onset temperature of ∼155 °C, which signifies the second loss of hydroxyl group of RBPs as water molecules. The reaction is as follows: RBP -H2O Δ ⎯⎯ → RBP + H2O. Endothermic and shoulder exothermic peaks revealed that RBP40 and RBP70 had higher heat flow because of different treatment methods. According to Table 3 , the upshift of the peak temperature of RBPs prepared under higher temperatures demonstrates that RBPs with higher molecular weights prepared under higher temperatures were enhanced in comparison with the samples treated under lower temperatures, because short-chain RBPs have strong hydrogen bonds within their junction zones that require more energy to decompose the crystalline structure [22] . 
FTIR Spectroscopy
To further understand the structure of extracted materials from RBF with different temperatures, FTIR spectra of a series of extracted material coded as RBP30, RBP40, RBP50, RBP60, RBP70, and RBP80 were determined, and the results are shown in Figure 6 . The spectra revealed that extracted materials from RBF had similar characteristic absorption peaks at 3439, 2931, 2886,1736, 1637, 1380, 1029, 874, and 813 cm -1 , which indicates that the structure did not obviously change with different temperatures. The strong absorptive peak of 3439 cm -1 between the regions 3500-3100 cm -1 is characteristic of a carbohydrate ring featuring a hydroxyl stretching vibration, and showed that 
To further understand the structure of extracted materials from RBF with different temperatures, FTIR spectra of a series of extracted material coded as RBP30, RBP40, RBP50, RBP60, RBP70, and RBP80 were determined, and the results are shown in Figure 6 . The spectra revealed that extracted materials from RBF had similar characteristic absorption peaks at 3439, 2931, 2886,1736, 1637, 1380, 1029, 874, and 813 cm −1 , which indicates that the structure did not obviously change with different temperatures. The strong absorptive peak of 3439 cm −1 between the regions 3500-3100 cm −1 is characteristic of a carbohydrate ring featuring a hydroxyl stretching vibration, and showed that there were intermolecular and intramolecular hydrogen bonds [5, 27] . The peaks in the region of 3000-2800 cm −1 absorption at about 2927 cm −1 was assigned to the C-H stretching vibration and about 2886 cm −1 asymmetrical stretching vibration [28] . The relatively strong absorption peak at 1736 cm −1 indicated the characteristic C=O groups, and the band at 1637 cm −1 to bound water [29] . Each particular polysaccharide has a specific band in the 1200-950 cm −1 region. This represents the fingerprint region for carbohydrates and is dominated by ring vibrations overlapped with stretching vibrations of C-OH side groups and C-O-C glycosidic band vibration [30] RBP displayed absorption at 1145 cm −1 , 1058 cm −1 , and 1027 cm −1 , which was due to pyranose. In the anomeric region (950-700 cm −1 ), the polysaccharide exhibited obvious characteristic adsorption at 812 cm −1 , indicating the glucopyranose units in RBPs [31] . The β-conformer had absorption peaks near 874 cm −1 , and the α-conformer region was near 812 cm −1 [8, 32] . The characteristic absorption peaks at 812 cm −1 and at nearby 874 cm −1 were observed in the IR spectra of the RBPs, indicating that the sugar units of the polysaccharides were linked not only by α-glycosidic bond but also β-glycosidic bonds. The characterization of six extracted materials by FTIR showed the typical absorption of polysaccharide.
According to report, the narrowing of the wave band is due to the ordering of polymers [33] . The narrowing band in the region 3500-3000 cm −1 was seen for RBP80, RBP70, and RBP40, in that order, indicating ordering of polysaccharide chains due to the changed extraction temperature. RBP40, with the narrowest band in the region, 3500-3000 cm −1 , had the highest degree of crystallinity ( Figure 7 ). These observations are in line with the XRD data, confirming that the aggregation structures were changed by different extraction temperatures. there were intermolecular and intramolecular hydrogen bonds [5, 27] . The peaks in the region of 3000-2800 cm -1 absorption at about 2927 cm -1 was assigned to the C-H stretching vibration and about 2886 cm -1 asymmetrical stretching vibration [28] . The relatively strong absorption peak at 1736 cm -1 indicated the characteristic C=O groups, and the band at 1637 cm -1 to bound water [29] .
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X-ray Diffraction
X-ray diffraction measurements were performed to check whether temperature altered the aggregation structures of RBPs, and the XRD patterns are shown in Figure 7 . No sharp peaks can be observed, showing that the RBPs are semicrystalline material under 30-80 °C [5] . All RBPs showed diffusion peaks at about 2θ of around 20.4° over the 2θ range from 7° to 31°. Similar results were observed for salep glucomannan, with a characteristic peak at 2θ of around 20.4° [14] . Comparing the patterns, RBP60 and RBP70 had greater intensity than the other RBPs and showed a large crystalline state. The pattern of RBP80 showed a weak diffusion peak at around 38.8° over the 2θ 
X-ray diffraction measurements were performed to check whether temperature altered the aggregation structures of RBPs, and the XRD patterns are shown in Figure 7 . No sharp peaks can be observed, showing that the RBPs are semicrystalline material under 30-80 • C [5] . All RBPs showed diffusion peaks at about 2θ of around 20.4 • over the 2θ range from 7 • to 31 • . Similar results were observed for salep glucomannan, with a characteristic peak at 2θ of around 20.4 • [14] . Comparing the patterns, RBP60 and RBP70 had greater intensity than the other RBPs and showed a large crystalline state. The pattern of RBP80 showed a weak diffusion peak at around 38.8 • over the 2θ range from 31 • to 52 • with increased extraction temperature, which suggests another degree of crystallinity. The X-ray diffraction indicated that with different temperatures, the aggregation structures of RBPs were changed, and the hydrogen bonding of RBP60, RBP70, and RBP80 was weakened. range from 31° to 52° with increased extraction temperature, which suggests another degree of crystallinity. The x-ray diffraction indicated that with different temperatures, the aggregation structures of RBPs were changed, and the hydrogen bonding of RBP60, RBP70, and RBP80 was weakened. Figure 7 . XRD curves of RBPs.
Elemental Analysis
The results of elemental analysis clearly reveal the element contents of RBP30, RBP40, RBP50, RBP60, RBP70, and RBP80 (Table 3) . Sulfur was not detected as a constituent. The mass percentage of C in the prepared fractional polysaccharides had tiny changes. However, the mass percentage of N gradually decreased from 0.33% in RBP30 to 0.17 in RBP80, and the mass percentage of H gradually increased from 7.16% in RBP30 to 7.99 in RBP80. All RBPs contained little nitrogen content, which demonstrated protein in the six fractional polysaccharides. The protein content of RBPs was estimated from the amount of nitrogen (protein content % = % N × 6.25) and fell within 3%. The effective reduction of protein content indicated that there was no need for an additional deproteinization procedure, e.g., via the Sevag method or alkaline protease. 
Conclusions
From the results obtained in our study, we can conclude that the fractional polysaccharides from bletillae rhizome (RBP30-80) could be prepared by water extraction and alcohol precipitation under controlled temperature. The temperature had little effect on the glucomannan content and FTIR spectroscopy of RBPs, but their rheological properties and thermal properties changed remarkably. GPC revealed that the water extraction and alcohol precipitation processes under higher temperatures resulted in products with higher Mw, Mn, and PdI of fractional RBP. The thermal behavior suggested that RBPs treated by higher temperatures had higher stability than RBPs treated by lower temperatures. The morphology of RBPs confirmed that temperature resulted in a significant difference between RBP30 and RBP80. Fractional polysaccharides from XRD of bletillae rhizome prepared under higher temperatures showed high crystallinilty. The results of this 
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The results of elemental analysis clearly reveal the element contents of RBP30, RBP40, RBP50, RBP60, RBP70, and RBP80 (Table 4) . Sulfur was not detected as a constituent. The mass percentage of C in the prepared fractional polysaccharides had tiny changes. However, the mass percentage of N gradually decreased from 0.33% in RBP30 to 0.17 in RBP80, and the mass percentage of H gradually increased from 7.16% in RBP30 to 7.99 in RBP80. All RBPs contained little nitrogen content, which demonstrated protein in the six fractional polysaccharides. The protein content of RBPs was estimated from the amount of nitrogen (protein content % = N% × 6.25) and fell within 3%. The effective reduction of protein content indicated that there was no need for an additional deproteinization procedure, e.g., via the Sevag method or alkaline protease. 
Conclusions
From the results obtained in our study, we can conclude that the fractional polysaccharides from bletillae rhizome (RBP30-80) could be prepared by water extraction and alcohol precipitation under controlled temperature. The temperature had little effect on the glucomannan content and FTIR spectroscopy of RBPs, but their rheological properties and thermal properties changed remarkably. GPC revealed that the water extraction and alcohol precipitation processes under higher temperatures resulted in products with higher Mw, Mn, and PdI of fractional RBP. The thermal behavior suggested that RBPs treated by higher temperatures had higher stability than RBPs treated by lower temperatures. The morphology of RBPs confirmed that temperature resulted in a significant difference between RBP30 and RBP80. Fractional polysaccharides from XRD of bletillae rhizome prepared under higher temperatures showed high crystallinilty. The results of this study could be useful in expanding the application of RBPs. Further exploration of fractional RBPs should focus on fractional polysaccharide biological activity. 
